The enhancement of oral bioavailability of poorly water soluble drugs remains one of the most challenging aspects. Utilization of cyclodextrins attracted the attention of many researchers for the enhancement of the dissolution rate. The complexation of diltiazem hydrochloride with β-cyclodextrin (CD) was investigated by phase solubility. Phase solubility study was performed to determine stiochiometric proportion of Diltiazem HCl and complexing agent -cyclodextrin. Solid inclusion complexes of diltiazem hydrochloride-βCD in 1:1 and 1:2 ratios were prepared by different methods, and the results were satisfactorily and complied with compendia. Mouth dissolving tablets were formulated employing Diltiazem hydrochloride alone and their βCD complexes with an objective of evaluating the feasibility of employing drug-βCD complexes in the design of immediate release tablet formulations for obtaining flow and complete drug release in 01 h. All the tablets prepared by optimizing the formula and were evaluated for pre compression, post compression, drug content, and drug release. The overall results indicate that formulation M3 was better and that it satisfies all the criteria as a fast mouth dissolving tablet.
Introduction
Therapeutic effectiveness of a drug depends upon the bioavailability and eventually upon the solubility of drug substances. Solubility is prerequisite to achieve desired concentration of drug in systemic circulation, drug absorption and pharmacological response. Oral route of drug administration is the uncomplicated and easiest approach of administration of drugs as it offers good patient compliance, convenience, accurate dosing, easy production, and greater stability. Poor hydrophilic drugs encompass dissolution is rate restrictive step in the process of drug absorption [1] [2] [3] . Imminent bioavailability exertions are prevailing with extremely hydrophobic drugs due to inconsistent or partial absorption from gastrointestinal tract (GIT). Bioavailability is the most important property of a dosage form. It is the ability of the dosage form to deliver the active ingredient to its site of action in an amount sufficient to elicit the desired pharmacological response. Bioavailability is defined more precisely as the rate and extent of absorption of a drug from its dosage form in to the systemic circulation. It is affected by a number of factors related to the drug, dosage form and patient [4] [5] . Dosage form related factors which can produce profound differences in the drug bioavailability include formulation and manufacturing variables such as particle size, the chemical form, solubility of the drug, the type and quantity of excipients used, the compaction pressure etc 6 . It is well known that the drug bioavailability and efficacy are severely limited by its poor aqueous solubility and dissolution rate. The drug in a solid dosage form (tablet) must undergo dissolution before it is available for absorption in the gastrointestinal tract 7 . Dissolution forms the rate limiting step in the absorption of drug from solid dosage forms especially when the drug is poorly soluble 1, [6] [7] .
Techniques such as, solubilization, solid dispersions, micronization, complexation, salt formation with polymers, transform in physical form, drug derivatization, use of prodrugs, addition of surfactants, alteration in pH etc. have been engaged in order to get better dissolution and bioavailability of poorly soluble drugs 8 . . Cyclodextrin complexation is one of the widely used techniques in enhancing the solubility and dissolution rate. The ability of cyclodextrins to form inclusion compounds through molecular encapsulation has been known for many years.
Several pharmaceutical products on the market use this formulation technology with different cyclodextrin derivatives Therefore, the interest of the present investigation is to prepare inclusion complex systems of Diltiazem hydrochloride with crystalline native -cyclodextrin and formulate mouth dissolving tablets with fast disintegration time.
Materials and Methods

Materials
Diltiazem HCl gifted from Macleods Pharmaceutical Limited Mumbai, India, was off white, odourless powder.
Methods
Phase solubility analysis of Diltiazem HCl
Phase solubility studies were performed for Diltiazem HCl in pH 6.8 phosphate buffer. Solubility studies were carried out by adding excess amounts of both drugs separately in quantities exceeding its aqueous solubility to 50 mL of aqueous solutions of buffers, containing increasing concentrations of cyclodextrins (2-12 mM). The resulting suspensions were shaken at room temperature for a period of 72 hrs, until equilibrium was established. The samples were filtered through a 0.45 m membrane filter (Millex-HA filter units, Millipore) and suitably diluted with corresponding buffer before analysis [11] [12] [13] .
Preparation of taste masked complex
In the present work, inclusion complexes of the drug and -cyclodextrin in ratio of 1:1 w/w were prepared by different methods mentioned below.
Physical mixture method
The drugs and cyclodextrins at equimolar ratio (1:1) were weighed and mixed in a mortar by geometric dilution method for sufficient time (~5 min) to obtain a homogenous powder blend, passed through sieve no. 80 and stored in a sealed glass vials and kept in desiccator over fused calcium chloride until further use.
Kneading method
Cyclodextrins were wetted in a mortar with minimum volume of water-ethanol mixture (1:1) until a paste was obtained. The required amount of drug was slowly added and the slurry was kneaded for about 45 minutes. During this process, a suitable quantity of solvent was added to maintain optimum consistency. Further the products were dried at 40 °C to constant weight, passed through sieve no. 80 and stored in a desiccator until further evaluation.
Solvent evaporation method
Required quantities of drug and cyclodextrin were dissolved in sufficient quantity of water-ethanol solvent mixture (1:1) and evaporated on a water bath at 50°C with stirring. Each solid product was sieved through #80 and stored in desiccator [14] [15] [16] [17] [18] .
Spray drying
In spray drying, characteristic properties of powders like particle size and shape obtained are influenced by the nozzle, the viscosity of the feeding solution, and the outlet temperature (Tout), the later being dependent on the two spray drying process variables: inlet temperature (Tin) and solution flow 19, 20 . To select best optimizing conditions, SQV with βCD combination was used and the same process conditions were applied with other CDs used in complex formation. For optimization, influence of solution flow rate and Tin were studied and the solutions were atomized at three different flow rates (2, 5 and 10 mL/min) using fixed values for compressed air (500 L/h) and aspirator (40 m3/h). Two Tin values were used: 55 °C and 70 °C. Tout was kept constant at a temperature of 50 °C [14] [15] [16] [17] [18] .
Evaluation of complexes
Bulk density
Bulk density was determined by placing the powders blend in a measuring cylinder and the total volume is noted. The weight of powder bed was determined by using digital weighing balance. Bulk density was calculated using the following formula:
Bulk Density = Weight of the powder / Volume of the powder 
Tapped density
Compressibility index
The compressibility was calculated using the equation:
Percent compressibility or carr's index = [(tap -bulk)/tap] × 100
Where bulk is the bulk density (g/mL) and tap is the tap density (g/mL)
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Drug content
The drug-CD complex equivalent to 50 mg of the drug was accurately weighed and transferred to 50 mL volumetric flask. 5 mL methanol was added and continuously shaken for 10 min and final volume was made up to the mark with pH 6.8 phosphate buffer for Diltiazem HCl. Suitable dilutions were made with respective drugs for both drugs. The solution was filtered through 0.45 m Millipore nylon filter disc and the absorbance was measured at their respective wavelength using respective buffer for both the drugs as blank.
Dissolution characteristics
Dissolution experiments were carried out in triplicate (n = 3) with an USP XXIII paddle apparatus in 900 mL of pH 6.8 phosphate buffer
for Diltiazem HCl at 37°C using a rotation speed of 50 rpm. In each study drug-CD complex equivalent to 100 mg of drug was used. 5 mL sample was withdrawn at intervals of 5, 15, 30, 45, 60 min using a syringe fitted with prefilter (0.45 m). An equal amount of fresh dissolution medium maintained at the same temperature was replaced immediately after withdrawal of the test sample. Test samples were suitably diluted wherever necessary and the absorbance was measured as per the analytical procedures described. The mean percent of drug dissolved and the standard deviations were calculated.
Preparation of tablets containing complex of drug: β-CD
Tablet containing 50 mg of Diltiazem HCl was prepared by direct compression method. Drug β-cyclodextrin complex equivalent to 50 mg and all the excipients except the lubricant were passed through a #20 mesh screen. The drug blend was prepared by mixing them manually in a polyethylene bag for 10-12 min. The lubricant was added to this blend and mixed properly again for 2 min. All formulations were prepared according to the experimental design;
varying concentration of disintegration-promoting agent (1, 3 and 5%), as shown in table 1. Powdered lubricated blend was compressed into tablet by compression machine.
Formulation design of tablets
For formulation design of tablets, the concentration of the superdisintegrants in its low concentration to high concentration range was used. Formulation code is optimized on the basis of superdisintegrants concentration variation. The data analysis was done on the basis of three parameters viz, disintegration time, drug content and drug release study. On the basis of these sequential analyses one optimized batch was selected for further evaluation 24, 25 .
Evaluation of mouth dissolving tablets
Disintegration time test
The disintegration time is defined as the time necessary for the mouth dissolving tablets (MDT) to completely disintegrate until no solid residue remains. The time required for disintegration of six MDTs, placed in each tube of disintegration test apparatus, was measured at 37 ± 2 ºC using distill water. A total of six tablets were tested for each concentration, and the values reported are mean ± standard deviation 26, 27 .
Drug content uniformity test
Tablets were powdered and the blend equivalent to 50 mg of drug was weighed and dissolved in phosphate buffer pH 6. was then filtered and diluted suitably. The drug content was then analyzed spectrophotometrically at respective wavelength. 
In-vitro drug release
In-vitro dissolution study was performed in 900 ml phosphate buffer 
Results and Discussion
Phase solubility study
Phase solubility study was performed to determine stiochiometric proportion of Diltiazem HCl and complexing agent -cyclodextrin. .
Figure 1 Phase solubility analysis plot for Diltiazem HCl inclusion complexes
Physical properties of complexes
Bulk density and tapped density of different formulations were calculated. The result of bulk density range from 0.45 to 0.51 and tapped density from 0.52 to 0.64. Hausner's ratio was found to be in between 1.14 to 1.25; and Compresibility index from 12.28 to 20.12.
Angle of repose showed good to excellent flow properties of the powdered blend (Table 2) .
Drug content
Taste masked complex prepared by various method were subjected for evaluation of drug content in the drug: cycodextrin (1:1) complex and the data obtained is shown in table 3. It was observed that the practical concentration obtained was 9.4 to 9.9 mg which was almost 94 to 99% of theoretical concentration that is 10 mg. The maximum percentage drug content was found to be 99.54% in the freeze dried complex.
Tablets containing complex of drug: β-CD
Complex prepared by various method were subjected for evaluation of drug content in the drug: cycodextrin (1:1) complex and the data obtained is shown in table 4. It was observed that the practical yield was 77 to 83%. The maximum practical yield was found to be 93.26% in the cogrounding complex. The bitter taste value of formulations was ranged from 2 to 5. It is clearly seen from table 5 that there is masking of bitter taste of drug by the β cyclodextrin in drug: cyclodextrin (1:1) complex by Freeze drying method. Value shown in tables is mean of three determinations
Evaluation of taste of drug: β CD complex
In vitro dissolution studies
The Diltiazem HCl complexes were subjected for evaluation of the in vitro disintegration time (Figure 2 ). After evaluation it was observed that the time for all the formulations varied from 50.70 to 80.85 min. It was observed that when freeze drying method was applied for the formation complexes, it disintegrated rapidly within a short time when compared with other formulations prepared using other methods.
Characterization of tablets containing complex of drug: β-CD
The values of pre-compression parameters evaluated, were within prescribed limits and indicated a good free flowing property ( Table   6 ). The data obtained from post-compression parameters such as weight variation, hardness, friability, drug content and in vitro disintegration for prepared tablets were satisfactorily (Table 8) . and optimum dissolution rate compared to other formulations.
In order to have improved product performance several experiments were performed varying few of the functional excipients. Batch M3 complied with all the physical parameters such as hardness, friability and disintegration time. Value shown in tables is mean of three determinations
In-vitro drug release
The Diltiazem HCl complexes were subjected for evaluation of the in vitro disintegration time (Table 9 ). After evaluation it was observed that the time for all the formulations varied from 73.47 to 87.41 min. It was observed that M3 formulation release maximum drug at 60 min compare to other formulations.
Conclusions
Mouth dissolving tablets were formulated employing Diltiazem hydrochloride and their βCD complexes with an objective of evaluating the feasibility of employing drug-βCD complexes in the design of immediate release tablet formulations for obtaining flow and complete drug release in 01 h. MDT were prepared by dry granulation method with suitable quantity of superdisintegrants. All the tablets prepared by optimizing the formula and were evaluated for drug content, drug release kinetics and mechanisms. The overall results indicate that formulation M3 was better and that it satisfies all the criteria as a fast dissolving tablet. 
